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Hilbert $h$ $k$ $P_{k^{\text{ }}}\sigma_{k}(k=1,2,\cdots)$




Belavkin Ohya (i.e., (1.1) )
Hilbert
$Hilbert\cdot\ hmidt$ $[3,4]$
a) $B(h\otimes k)$ ( $h\otimes k$ )
$\theta$
1565 2007 1-12 1
$\varpi(A\otimes B)=tr_{h\Phi k}(A\otimes B)\theta$, $A\in B(h),$ $B\in B(k)$
$a$)
(1.2)
$a)(A\otimes B)=tr_{h}A\phi(B)=tr_{k}\phi^{*}(A)B$ (1. 3)
$\phi$ $\phi\cdoth$
$\phi(B)=\iota r_{k}\theta(I\otimes B),$ $\phi\cdot(A)=tr_{h}\theta(A\otimes I)$ (1. 4)
$\phi$ $B(k)$ $B(h)$. $(=\{A\in B(h);tr\sqrt{AA}<\infty\})$
$\phi$ $\phi$
. $B(h)$ $B(k)_{*}$ $\phi$ $\phi$.
Belavkin Ohya $\phi$
$\phi$
. Hilbert-Schmidt $\phi$ $\phi$.








$k$ $H$ bert $\varphi$ $B(k)$ Hibert $h$
$k$ $Hilbert\cdot Sch\underline{m}$idt $H$ (i.e., $h$ ( CONS )
$\{|x_{k}\rangle\}\subset h$ $\Vert H|x_{k}.\rangle\Vert^{2}<\infty$ ) $\varphi$






$H=|\zeta\rangle$ $\in h$ $(\Vert|\zeta\rangle\Vert^{2}=1)$ $\varphi(B)=\langle\zeta|B|\zeta\rangle$
$h$ $h\simeq\overline{\{E_{\sigma}k\}}^{H}$ ( $E_{\sigma}$ $\sigma$ )
$H$
$\sigma$ Schatten
$\sigma=\sum_{n}|h\rangle(h_{n}|$ (i.e., $|l\rangle\in k$ $\langle l|h_{m}\rangle=\mu,,\delta_{n.m^{\text{ }}}\mu_{n}$ $\sigma$ ) $H$
$H= \sum|h_{n}\rangle\langle e_{n}|$ (2.2)
2
$\{|e_{n}\rangle\}$ $h$ C0NS $h\subseteq l^{2}$ $\{|e_{n}\rangle\}$
$\{|n\rangle$ $\}$
$h$ $A\in B(h)$
(2. 2) $\{|e_{n}\rangle$ $\}$ (i.e., $H^{\cdot}H$
) $J$ $J$ $x,$ $y\in h$
$\langle Jx|Jy\rangle=\langle y|x\rangle$ $J:|x\rangle$ $= \sum c_{n}|e_{n}\rangle$ $|arrow J|x\rangle$ $= \sum\overline{c_{n}}|e_{n}\rangle$ $(c_{n}\in C)$
$J$ $A\in B(h)$ $h$ - $\tilde{A}\overline{\approx}JA^{*}J$ $h$ -
$\overline{A}\underline{=}JAJ$
$\langle x|Jy\rangle=\langle y|Jx\rangle$
$\langle e_{m}|\tilde{A}|e_{n}\rangle=\{e_{n}|A|e_{m}\rangle$ $\langle e_{m}|\overline{A}|e_{n}\rangle=\overline{\langle e_{n}|A|e_{n}\rangle}$
$H$
$h$ $k$ $H$ $B(k)$ $\varphi$ $B(h)$
$\psi$






a $(A\otimes B)=tr_{h}\tilde{A}H^{\cdot}BH=tr_{k}BH\tilde{A}H^{\cdot}$ (2.4)
$\varpi(I\otimes I)=1$ $\varpi(C^{\cdot}C)\geq 0(C=\sum\alpha_{k}A_{k}\otimes B_{k})$ $\Phi$ $B(h\otimes k)$
$a$) $(A\otimes I)=\psi(A)$ $a)(I\otimes B)=\varphi(B)$
$a$) $|\Omega\rangle$ $\in h\otimes k$
($\zeta\otimes\eta|\Omega\rangle$ $\cong\langle\eta|HJ\zeta\rangle$ $(\forall|\zeta\rangle$ $\in h,|\eta\rangle$ $\in k)$ (2.5)
$|\Omega\rangle$ $H$ (22)
$\langle\eta|HI\zeta\rangle=\sum\langle\eta|h_{n}\rangle\langle e_{n}|J\zeta\rangle=\sum\langle\zeta|Je_{n}\rangle\langle\eta|h_{n}\rangle=\sum\langle\zeta\otimes\eta|e_{n}\otimes h_{n}\rangle$
$|\Omega\rangle$ $= \sum|h_{n}\otimes e_{n}\rangle$
$a(A \otimes B)=tr_{h}\tilde{A}H^{\cdot}BH=\sum_{m.n.k}\langle e_{m}|\tilde{A}|e_{n}\rangle\langle h_{n}|B|h_{k}\rangle\langle e_{k}|e_{m}\rangle$
$= \sum_{m.n,k}\{e_{n}|A|e_{m}\rangle\langle h_{n}|B|h_{m}\rangle=\langle\Omega|A\otimes B|\Omega\rangle$
$|\Omega\rangle$ “ $\sigma$ {b’’
3
a) $B(h\otimes k)$
a) Hilbert $f$ $h\otimes k$ $V$
$a)(A\otimes B)=tr_{r}V(A\otimes B)V\equiv tr_{h\emptyset k}(A\otimes B)\theta$ (2.6)
$\theta$
$\varpi$ $f$ $f\cong\overline{\{E_{\theta}(h\otimes k)\}}^{IM}$
$f$ CON $S\{|f_{n}\rangle\}\subset f$ $J_{f}$
$h$ $p=tr_{k}\theta$ $h$ CON $S\{|e_{n}\rangle\}\subset h$
$J_{h}$ “
9 ’ $h$ $f\otimes k$ $H$
$\langle\xi\otimes\eta|HJ\zeta\rangle=\langle\zeta\otimes\eta|\overline{H}J\xi\rangle$ $(\forall|\zeta\rangle$ $\in h,|\eta$) $\in k,|\xi\rangle$ $\in f)$ (2.7)
$\overline{H}$ $\overline{H}U\underline{\approx}V$
$U$ $\nabla\cdot V$ $\{|v_{k}\rangle$ $\}$
$U= \sum|f_{k}\rangle$ \langle$v_{k}|$ $k$ $I_{k}$
CON $S\{|e_{n}\rangle\}$ $\{|v_{k}\rangle\}$ $V$
$-$
$V=( \sum_{n}|e_{n}\rangle\langle e_{n}|\otimes I_{k})\overline{H}U=\sum_{nf}|e_{n}\otimes h(n)\rangle\langle v_{k}|$
$|h_{k}(n)\rangle\in k$ $I_{k}$ CON $S\{|d_{n}\rangle\}\subset k$ $I_{k}= \sum|d_{m}\rangle\langle d_{m}|$
$|h(n) \rangle=(\langle e_{n}|\otimes I_{k})\overline{H}|f_{k}\rangle=\sum_{m}|d_{m}\rangle\langle e_{n}\otimes d_{m}|\overline{H}|f_{k})$
$\tilde{H}$
$\overline{H}=VU^{\cdot}=\sum_{n.k}|e_{n}\otimes h(n)\rangle\langle f_{k}|$ (2.8)
$H$ (2.7) $H$ $\{|e_{n}\rangle$ $\}$ $\{|f_{n}\rangle$ $\}$
$\overline{H}$
$H= \sum_{n.k}|f_{k}\otimes h_{k}(n)\rangle\langle e_{n}|$ (2.9)
$= \sum|H_{n}\rangle\langle e_{n}|$ (2.10)
$|H_{n}\rangle$
$= \sum_{k}|f_{k}\otimes h_{k}(n)\rangle$ QnH (2.9)
[3]
2. 1 (2.6) $a$) $H$









$\phi(B)\equiv\overline{H^{\cdot}(I\otimes B)H}=ffl^{*}(I\otimes B)^{*}HJ$ $(\forall B\in B(k))$ (2.13)
$\phi$ $B(k)$ B(h). $\phi\cdot:B(h)_{\ovalbox{\tt\small REJECT}}\mapsto B(k)$ .




$(\sim\circ\phi):B\in B(k)\mapsto\overline{\phi(B)}$ $(\phi\cdot\circ\sim):A\in B(h)_{\ovalbox{\tt\small REJECT}}\mapsto\phi\cdot(\tilde{A})$
Steinspring $Krus\cdot Sudarshan$
$\overline{\phi(B)}=H^{\cdot}(I\otimes B)H$ $\phi\cdot(\tilde{A})=tr_{r}fflH^{\cdot}=\sum(\langle f_{k}|\otimes I)\hslash 4H^{\cdot}(|f_{k}\rangle\otimes I)_{\text{ }}$
$\Lambda:B(h)\vdash B(k)$ (complete $co\cdot posi$ ve)
$n\in N$ $nxn$ [4] $(4_{f}\in B(h))$ $[\Lambda(A_{j})]>0$









2. 1 $n_{h}\phi(I)=1$ $B(k)$ $B(h)$. $\phi$
$\phi^{*}$ : $B(h)\mapsto B(k)$. $\rho\underline{=}\phi(I)$ $\sigma\equiv\phi\cdot(I)$ ( )
$e$
$H$ (210) $\phi\cdot$ $\phi$
9
$\phi\cdot(A)=\sum\langle e_{n}|A|e_{m}\rangle tr_{f}|H_{m}\rangle\langle H_{n}|$ (2.15)
$\phi(B)=\sum|e_{m}\rangle\langle e_{n}|\langle H_{n}|I\otimes B|H_{m}\rangle$ $\backslash$ (2.16)
$\theta=\sum|e_{n}\rangle\langle e_{m}|\otimes tr_{f}|H_{n}\rangle\langle H_{m}|$ (2.17)
I $e_{n}\rangle$ $\}$ $\rho$ $\{h\}$
$\iota r_{r\otimes k}|H_{n}\rangle\langle H_{m}|=h^{\delta_{m}},$ $=\langle H_{m}|H_{n}\rangle$ (2.18)
5
a) $\sigma_{k}(k=1,2,\cdots)$
$\omega(A\otimes B)=\sum p_{n}tr_{h}A\rho_{n}\cdot tr_{k}B\sigma_{n^{\text{ }}}p_{n}\geq 0$ $\sum p_{n}=1$
a) $\phi\cdot$ $\phi$ (1.4)









1. 1 $a$) $\Rightarrow$ $\phi$ $\phi$.
1.1 $\phi$.




(1) $\phi$. $\phi$. 2 q
$\phi_{q}$
.








(3) $\phi$. (2.15) $tr_{f}|H_{n}\rangle\langle H_{m}|=\lambda,,\sigma_{n}\delta_{m.n}$
$\phi\cdot(A)=\sum 4\langle e_{n}|A|e_{n}\rangle\sigma_{n}$ (2.18)








. o $\phi_{0}$. $e$
3. q PPT





$h\otimes k$ $\theta$ [10]
3. 1 $\theta$ $\Rightarrow$ $\theta^{T_{k}}>0$
$\theta^{r_{k}}$
$\theta$ $k$ $h,$ $k$
$\{x_{i}\},\{y_{m}\}$
$\theta^{T_{k}}$
$\langle x_{j}\otimes y_{m}|\theta^{T_{k}}|x_{j}\otimes y_{n}\rangle\overline{\approx}\langle x_{i}\otimes y_{n}|\theta|x_{j}\otimes y_{m}\rangle$ (3.1)
3.1 PPT (Positive Partial Transpose) $\theta$
$9=\sum p_{k}\rho_{k}\otimes\sigma_{k}$ $T$
$\theta^{r_{k}}=\sum p_{k}\rho_{k}\otimes\sigma_{k}^{r}\succ 0$ 3.1 PPT PPT




3. 2 $h$ , $k$ $\rho$ $\sigma$ $trW(\rho\otimes\sigma)>0$
$W$ $W$
$h\otimes k$ $\theta$ $\Leftrightarrow$ $trW\theta>0$ $\forall W\in W$
Jamiolkowski
3. 3 $B(k)$ $B(h)$ A $p$





$M_{n}$ nxn $M_{2}$ $M_{2^{\text{ }}}$ M3 $M_{2}$ A
$p_{2arrow 2^{\text{ }}}p_{3arrow 2}$ $p_{2arrow 2^{\text{ }}}p_{3arrow 2}$ A




3. 4 $h\otimes k=C^{2}\otimes C^{2}$ $C^{2}\otimes C^{3}$
$\theta$ $\Leftrightarrow$ $(I\otimes\Lambda)\theta>0$ $\forall\Lambda\in Rarrow 2’\Lambda\in Rarrow 2$ $\Leftrightarrow$ $9^{T_{k}}>0$
3.4 q- $\phi_{q}$.
$uM_{n},$ $M_{n}$ ] $M_{n}$ $M_{n}$
$w$ : $uM_{n},$ $M_{n}$ ] $\ovalbox{\tt\small REJECT}\mapsto M_{n}\otimes M_{n}$ $\Lambda\in|_{-}[M_{n}, M_{n}]$
$w_{P_{*}}(\Lambda)=\sum_{k,l}^{n}|e_{k}\rangle\langle e_{l}|\otimes\Lambda(|e_{k}\rangle\langle e_{l}|$) $=(I\otimes\Lambda)P_{+}$ (34)
$w_{J}(\Lambda)=\sum_{k.l}^{n}|e_{k}\rangle\langle e_{l}|\otimes\Lambda(|e_{k}\rangle\langle e_{l}|)=(I\otimes\Lambda)J$ (35)
$\{|e_{i}\rangle(e,$ $|\}$ $M_{n}$ $P_{+}=\sum_{k.l}^{n}|e_{n}\rangle\langle e_{n}|\otimes|e_{n}\rangle\langle e_{n}|$ $J=\sum_{k.l}^{n}|e_{k}\rangle\langle e_{l}|\otimes|e_{k}\rangle\langle e_{l}|$
(3.5) $W_{J}(\Lambda)$ Jamiolkowski [11] $\circ$
[13, 15, 161
3. 5 $\Lambda\in uM_{n},$ $M_{n}$ ]
(1) A $\Leftrightarrow$ $w_{p_{+}}(\Lambda)>0$ (2) A $\Leftrightarrow$ $W_{J}(\Lambda)>0$
$a$ $M_{n}\otimes M_{n}$ $\theta$ $\Phi$ $\phi$
.
(2.15) $(3.4)$ (3.5)
$w_{J}(\emptyset)=\sum_{k.l}^{n}|e_{l}\rangle\langle e_{k}|\otimes tr_{f}|H_{l}\rangle\langle H_{k}|=\theta>0$ (36)
$w_{p_{*}}(\emptyset)=\sum_{k,l}^{n}|e_{k}\rangle\langle e_{l}|\otimes\sigma_{r}|H_{l}\rangle\langle H_{k}|$ (3.7)
(8.6) $\phi$. Jamioikowski $\theta$




3. 7 $\theta$ PPT $\Leftrightarrow\phi\cdot\not\in\S$
3.4 q





$[17, 18, 19]_{\text{ }}$ 3.1
9 $earrow$ $|11$ ( )
$1$




























Degree of Entanglement (
DEN ) [3, 4, 6] EMC
[81
DEN $\theta$ $\rho$ $\sigma$
DEN
$D_{EN}( \theta;\rho,\sigma)=\frac{1}{2}(S(\rho)+S(\sigma))-I_{\theta}(p,\sigma)$ (4. 1)
$S(\rho)=-trp\log p$ $I_{\theta}(p,\sigma)\overline{<}tr\theta$ (1Og $9-\log\rho\otimes\sigma$ ) DEN
4. 1 $[6,8]$ $\theta$
(1) $\theta$ $\Leftrightarrow$ $D_{EN}(\theta;\rho,\sigma)=0$
(2) $\theta$ $\Leftrightarrow$ $D_{EN}(\theta;p,\sigma)<0$
4. 2[3, 4, 9] $\theta$
$\theta$ $\Rightarrow$ $D_{g}(\theta;p,\sigma)\geq 0$
4.1 4.2 EMC
EMC
Hilbert $h=C^{d}(d<\infty)$ $\{|e_{j}\rangle$ $\}_{1\leq i\leq i}$
$|\underline{e}\rangle(\in\{|e_{l}\rangle\})$
Hilbert $h_{N}=\otimes^{\phi\underline{e}\rangle)}C^{d}$
$P=\{p_{i}\}_{1\leq i\leq d}$ $T=(t_{l}.)_{1\leq t.jg1}$
$(i. e. , t_{\theta}$. $\geq 0,\sum_{j}t_{\iota j}=1N)$
$\Gamma_{i}p,$ $\sqrt{t_{\theta}}$ $(i. e. , |\sqrt{p_{i}}|^{2}=p_{j}, |\sqrt{t_{y}}|^{2}=t_{tj})$
$h_{N}$ $|\Psi_{n}\rangle$
$| \Psi_{n}\rangle\underline{\approx}\sum_{j_{0}.j_{1}\ldots j_{n}}..\sqrt{p_{j_{0}}}\prod_{\alpha=0}^{n-1}\sqrt{t_{j_{l}j_{a\star 1}}}|e_{J_{0}},e_{j_{1}},\cdots,e_{j_{*}}\rangle$
(4. 2)
‘ $|e_{j_{l}}, \cdots,e_{j_{n}}\rangle=(\otimes_{\alpha\in[0_{\hslash}]}|e_{j_{l}}\rangle)\otimes(\otimes_{a\in[0.nf}|\underline{e}\rangle)\in\bigotimes_{N}(|_{-}\rangle)C^{i}$ $h_{N}$
10
$d\cross d$ $M_{d}$ a $= \bigotimes_{N}M_{d}$
$A_{\Lambda}\in a$ A
$\overline{A}_{\Lambda}\in a_{\Lambda}=\bigotimes_{\Lambda}M_{d}$ A=A\Lambda \otimes I\Lambda $A_{\Lambda}$ $\overline{A}_{\Lambda}$
$A_{\Lambda}=\overline{A}_{\Lambda}$ [7]
4. 3 $A\in a_{1^{0,k]}}(k\in N)$
$\langle\Psi_{k+1}, A\Psi_{k+1}\rangle=\lim_{narrow\infty}\langle\Psi_{n}, A\Psi_{n}\rangle\underline{\approx}\varphi(A)$ (4. 3)
$M_{d}$ $\{|e_{j}\rangle\}_{1\dot{9}\leq d}$ (4. 3)
4.3 a $\varphi$
EMC $\varphi$ DEN




4. 4[8] $U=(u_{ij})$ $t_{jj}=u_{ij}u_{\iota j}$
$D_{BN}(\varphi)=-H(P)$
$H(P)=- \sum_{i=1}^{d}p_{i}\log p_{i}$
4. 4 EMC $\varphi$ “ ” ( 4.1)
EMC
EMC $\varphi$ $P$
$[0_{V}$] $(\nu\in N)$ EMC $ato_{v}$] a $[0_{\nu}]$ $0_{\nu}$]











4. 6 $h_{[0,\nu]}=h_{[0\mu]}\otimes h_{(\mu.v]}$ $q_{0.\nu}$]
$\phi_{\theta_{[0t]}}$
.
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